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DEVELOPMENT OF LOW TEMPERATURE COATINGS 

f o r  

ELECTRICAL CONDUCTORS 

INTRODUCTION 

This r e p o r t  discusses  the  development of 

a t  cryogenic temperatures. ' I n  addi t ion s tudies  
/ 

I 

connectors designed f o r  use 

of the c h a r a c t e r i s t i c s  a t  

cryogenic temperatures of RTV s i l i cone  rubbers i n  compression a r e  included 

because of t h e i r  importance i n  t h e  proposed connector design which makes use 

of an elastomeric mater ia l  held i n  s l i g h t  compression aga ins t  a r i g i d  

i n s u l a t i o n  t o  provide the  moisture sea l .  

The r e s u l t s  of successful  s t u d i e s  d i rec ted  t o  methods f o r  removal 

of ML enamel and H-film a r e  a l s o  included. 

CONCLUSIONS 

Cryogenic Connector Deisgn 

The t e s t s  on the  modified Pyle-National connector have been included 

during the  l a s t  quarter .  The r e s u l t s  ind ica te  t h a t  t o  assure  reasonable 

r e s i s t a n c e  t o  t h e  penetrat ion of moisture, s i l i c o n e  o i l  must be applied t o  

both back faces where t h e  w i r e s  enter  t he  connector and preferably the  whole 

connector should be soaked i n  s i l i cone  o i l  before the  compression f i t t i n g  i s  

appl ied around the  protruding rubber of both back faces.  

o i l  i s  a nuisance and somewhat messy. r,Moreover, a complete seal of a l l  the  

w i r e s  has not been achieved. A large pa r t  of t he  moisture problem probably 

can be  a t t r i b u t e d  t o  the  very small creepage d is tances  between conductors a t  

the  i n t e r f a c e  between the  male and female pa r t s .  

The use of s i l i cone  

Nevertheless,  f o r  many 

cryogenic appl ica t ions  the  modified Pyle-National connector i s  probably 

qu i t  e adequate. 
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t -  
i - .- I n  c o n t r a s t  t h e  cryogenic connector design described i n  t h i s  r e p o r t  

makes very e f f ec t ive  use of t he  compression between elastomeric and r i g i d  pa r t s  

and provides r e l a t i v e l y  long i n t e r f a c i a l  creepage dis tances  so t h a t  s i l i c o n e  

o i l  i s  not needed t o  obtain a moisture s e a l .  Moreover, i f  a moisture leak 

does develop around one conductor, the  leak does not cont r ibu te  t o  low leakage 

r e s i s t a n c e  i n  the  o ther  wires as  can happen i n  the  Pyle-National design. 

To obta in  an e f f ec t ive  s e a l  the insu la ted  cablemust  f i t  t h e  entrance 

holes i n  the  connector reasonably well ( the  same i s  t r u e  f o r  t h e  Pyle- 

National connector).  

holes which may r e s u l t  i n  cracking. With oversize holes it i s  poss ib le  t o  

obtain a s e a l  by applying an RTV rubber i n  the  ex t ra  space before  the  

compression can i s  f i t t e d .  

i s  a l s o  a nuisance fo r  f i e l d  appl icat ion but the  rubber w i l l  t ake  c a r e  of a 

s i t u a t i o n  which i s  l i k e l y  t o  a r i s e  i n  p rac t i ce .  

Moreover, it i s  b e t t e r  t o  use oversize  than undersize 

Such use of t h e  RTV rubber i s  not recommended and 

Both s i z e  and weight can be decreased with the  modular "building 

block" concept inherent i n  the proposed design. The "peg i n  board" approach 

w i l l  help i n  achieving s i z e  and weight advantage. However, addi t iona l  design 

e f f o r t  i s  needed t o  "commercialize" t h e  product. Modular Electronics  Inc.  

has indicated e n t h u s i a s t i c  wil l ingness  t o  undertake the  necessary program and 

t o  supply commercial quan t i t i e s  of cryogenic capaci tors .  

Contact Resistance 

- I n  t h i s  r e p o r t  the major var ia t ions  i n  conductor r e s i s t a n c e  through 

t h e  Pyre-National connector have been conclusively assigned t o  contact  r e s i s t ance .  

Since the  male pins a r e  so  uniform ( j u s t  one was oversize and did not cont r ibu te  

t o  high r e s i s t ance )  it must be assumed t h a t  v a r i a t i o n  i n  spr ing tension of 

t h e  female connector i s  involved. This v a r i a b i l i t y  o r  perhaps lack of spr ing 

tens ion  may wel l  be more evident a t  low temperatures. 

contact  r e s i s t a n c e  as measured a re  not high enough t o  be d is turb ing  from t h e  

opera t iona l  point  of view, it may be concluded t h a t  a func t iona l ly  s ign i f i can t  

contac t  problem might develop a t  cryogenic temperatures following exposure t o  

v i b r a t i o n  o r  t o  other  detrimental  environments. 

While t h e  values of 
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Removal of ML and H-film 

The use of t he  Microflame oxygen-butane torch  cons t i t u t e s  a break- 

through i n  the  problem of removing the polyimide insu la t ions .  Fortunately 

it i s  adaptable t o  f i e l d  use. As  with any i n s u l a t i o n  removal technique, ca re  

must be used i n  i t s  use. However, the danger of melting of the  copper i s  

probably l e s s  g rea t  than the  danger of a nick i n  t h e  copper with mechanical 

means of insu la t ion  removal. Moreover, melting i s  immediately obvious while 

a nick can more e a s i l y  escape detect ion.  

- 

/' 
/ 

The a b i l i t y  to r e n 0 v e . m  enamel with r e l a t i v e  ease makes the  use of 

such coat ings,  p a r t i c u l a r l y  on stranded wire ,  much more p rac t i ca l . '  The ML 

insu la t ion  can be removed from even very s m a l l  wires without melting the  

copper. Success i s  achieved only by using a very s m a l l  flame, The flame 

from a l a rge  torch  cannot be control led and should not be used. 

OBSERVATIONS AND SUMMARY OF TEST RESULTS 

Cryogenic Connectors 

A s  s t a t e d  i n  an e a r l i e r  report  t he  cons t ruc t ion  of ac tua l  prototype 

connectors t o  Advanced Technology Laboratories '  design was assigned t o  a 

manufacturer of spec ia l ized  connectors. I n  t h i s  way p r a c t i c a l  experience 

and know-how i n  connector design and manufacture could be obtained. 

prototypes have been made by Modular Electronics  Inc.  with the e n t h u s i a s t i c  

cooperation of i t s  pres ident ,  Wally A. Gammel. Modular Electronics  has expressed 

a wil l ingness  t o  make production molds and t o  quote on quant i ty  productions 

of t h e  cryogenic connectors. It i s  recognized t h a t  minor modifications 

w i l l  be des i rab le  i n  a production model. 

the  objec t ive  of providing a t  minimum cos t  a model upon which a production 

design could be based. 

The 

The prototypes were constructed with 

The prototype connector f o r  four wires is  shown i n  Photos 1, 2 ,  and 

3 (a n icke l  co in  i s  included fo r  s i ze  comparison). I n  Photo #l t he  pins a r e  

shown a t  the  r i g h t  cen ter  and the  receptacles  i n t o  which they f i t  a t  t he  

l e f t  cen ter .  

blocks,  i n t o  which t h e  pins and receptacles  f i t ,  can be seen. The s i l i c o n e  

To the  r i g h t  and l e f t  of t h e  p ins ,  t h e  molded polypropylene 
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rubber cover s e a l s  can be seen above and t o  each s i d e  of t h e  polypropylene 

blocks.  The p a r t s  of the  s t e e l  case a r e  located a t  t he  f a r  s ides .  The 

f i r s t  s t e p  of t he  assembly i s  shown i n  Photo 2. 

s h a m  i n  Figure 3 .  

The completed assembly i s  

Drawings prepared by Modular Elec t ronics  Inc.  a r e  a t tached  t o  t h i s  

A d e t a i l e d  drawing of t h e  outer  ca se  has not been r epor t  as Figures  1 -7 .  

included s ince  f o r  a production model it would be designed somewhat d i f f e r e n t l y  

and would be made of e i t h e r  aluminum o r  s t a i n l e s s  s t e e l .  Assembly i n s t r u c t i o n s  

as  provided by Modular Elec t ronics  Inc. a r e  given i n  Table I. 

While t h e  prototype has been designed t o  accept four  w i r e s  it could 

be made a l s o  f o r  any number of wires. 

and given t o  Modular Elec t ronics  Inc. ,  it was recognized t h a t  the  design could 

be s impl i f ied .  It i s  proposed that t h e  s i n g l e  p iece  cons t ruc t ion  shown i n  

Figure 3 be replaced by round rod or tube ( ins tead  of square as sham)  i n s e r t e d  

through holes  d r i l l e d  i n  a f l a t  polyphenylene oxide (PPO) p l a t e .  Other 

s u i t a b l e  ma te r i a l s  such a s  SP polyimide could be subs t i t u t ed  f o r  t h e  PPO. 

I n  a mul t ip l e  t i e r  cons t ruc t ion  space could be saved and t h e  ove ra l l  u n i t  

made more compact. Moreover, g rea te r  f l e x i b i l i t y  i n  arrangement could be 

obtained.  The square holes  i n  t h e  end and cen te r  seals (Figures 4 and 5) 

could,  of course,  be replaced by round holes  which should produce a s t ronger  

and more e a s i l y  molded s t r u c t u r e .  Undoubtedly a s tandard modular u n i t  would 

be devised but  t h e  d e t a i l s  of production models a r e  not considered t o  be a p a r t  

of t h i s  program t o  develop the p r inc ip l e s  upon which cryogenic connector 

design should be based. 

Af te r  t h e  o r i g i n a l  concept was developed 

Both t h e  prototype and t h e  proposed cons t ruc t ion  provide about 44 inch 

of i n t e r f a c i a l *  creepage d i s t ance  between conductor and sh ie ld .  This r e l a t i v e l y  

long creepage path d is t inguishes  the  sub jec t  connector from o the r s  such a s  

t h e  Pyle-National connector described i n  previous r epor t s  i n  which creepage 

d i s t a n c e  i s  only 1/32  inch. On f i r s t  observat ion it might appear t h a t  t he  

proposed design i s  inherent ly  la rge  and heavy. M r .  E .  J .  McGowan, who has 

been p r i n c i p a l l y  involved i n  the  proposed design,  has made a comparative 

* An i n t e r f a c e  between s i l i c o n e  rubber and polyphenylene oxide under 
s 1 i g h t  c ompres s ion. 
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1. 

2. 

3. 

4 .  

5. 

6. 

7 .  

TABLE I 

ASSEMBLY INSTRUCTIONS FOR PA10174 AND PA10175 CRYOGENIC CONNECTOR 

S t r i p  four  #26, #28 o r  #30 AWG wires, exposing .125 of conductor 
( see  Ins t ruc t ion  #3). 

I n s e r t  the  four wires through top s i d e  of hood (B1437), connector 
c a v i t y  being or iented i n  the  same d i r e c t i o n  as the s t r i p p e d  con- 
ductors a f t e r  wires have been inser ted .  

I n s e r t  the four wires through end seal  (B1436), connector c a v i t y  
again being or iented i n  the  same d i r e c t i o n  as the s t r i p p e d  conduc- 
t o r s  a f t e r  wires have been in se r t ed .  
s t age  .) 

(Wires may be s t r ipped  i n  t h i s  

Place contacts  (A1432 o r  A1433) on s t r i p p e d  conductors. Crimp with 
crimping t o o l  supplied by MODULAR. I f  solder ing i s  introduced, 
extreme caut ion must be taken not t o  overheat s o l d e r  j o i n t  
p re sen t ly  located between crimp b a r r e l  and remainder of contact .  

I n s e r t  i nd iv idua l  contacts  (connected t o  wires) i n t o  connector 
block (B1434). Caution: I n s e r t  pin o r  socket po r t ion  of contact  
i n t o  the  end of the  block t h a t  has the shallowest counterbored 
ho le .  The bottom of t h a t  hole  has a s l i g h t  chamfer t o  accom- 
modate the  chamfer on the  l a rge  head of the  crimp b a r r e l  po r t ion  
of the contact .  The opposite end of the block has a squared 
counterbored hole  t o  accommodate the  locking c l i p  of t he  con tac t .  
After  i n s e r t i o n ,  head of crimp b a r r e l  should be f l u s h  wi th  top of 
connector block. 

S t r i p  end sea l  and hood down onto connector block. 

Connector i s  now assembled. 
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analys is  of weight and s i z e  a s  s h w n  i n  Table 11. 

of the  compactness poss ib l e  i n  the  round ins tead  of square rod cons t ruc t ion ,  

i t  i s  probably t h a t  t h e  proposed construct ion could be smaller  and l i g h t e r  

than conventional connectors a s  exemplified by t h e  Pyle-National cons t ruc t ion .  

I f  advantage were taken 

The new connector has been evaluated by measuring both leakage r e s i s t a n c e  

between p ins  and case  during exposure cycles  as  follows: 

1. Room temperature (23C and 5cPLRH). 

2 .  Thermal shock by immersion i n  l i q u i d  n i t rogen .  

3 .  Slow w a r m  up t o  room temperature with f r o s t  f i r s t  

developing and then melting. 

4 .  Thermal shock by re-immersion i n  l i q u i d  n i t rogen .  

5 .  Thermal shock by immersion i n  water a t  23C. 

Both extruded Teflon and unbonded H-film wrapped w i r e  has been used. N o  

problems a r e  encountered wi th  any of t h e  s t eps  above except immersion i n  

l i q u i d  water.  

were too  l a rge  and a t i g h t  s e a l  was not e s t ab l i shed .  With water immersion 

t h e  leakage r e s i s t a n c e  decreased rap id ly  t o  about 10 megohms ( ion ic  

contamination might have caused a fu r the r  decrease) .  With melting f r o s t  a 

minimum leakage r e s i s t a n c e  of 2 . 5  x 

water immersion i s  a much more searching t e s t .  

a c l e a r  PVC (Tygon) s leeve  was s l ipped over t h e  ex t rus ion  s o  t h e  canbinat ion 

would not  be loose  i n  the  s i l i c o n e  rubber seal. Unfortunately the  combination 

of s l eeve  and w i r e  i n s u l a t i o n  was now too  l a r g e  

around one of t he  four  leads i n  the  r e a r  seal cracked. Nevertheless ,  t h e  

c y c l i c  t e s t s  were conducted. 

lead ,  about which t h e  cracks had developed, showed a leakage r e s i s t a n c e  of 

1 . 2  x 10 

It was discovered tha t  t h e  holes  i n  t h e  s i l i c o n e  rubber s e a l s  

10" ohms was obtained which shows t h a t  

Using extruded Teflon wire  

and t h e  s i l i c o n e  rubber 

After water immersion f o r  15 minutes, t h e  

8 11 
ohms while  t he  o the r  values were from 3 x 10" t o  3 x 10 . 

Another connector using a shielded H-film wrapped cable  (#639-3, s e e  

I n  t h i s  Q u a r t e r l y  Report #12) was evaluated with t h e  c y c l i c  procedure. 

ca se  t h e  wire  w a s  a l s o  too  small  s o  t h a t  it f i t t e d  loose ly  i n  the  s i l i c o n e  

rubber  s e a l s ,  

rubber blocks with add i t iona l  RTV-511 s i l i c o n e  rubber .  In  t h i s  ca se  

To overcane t h e  problem, t h e  leads  were sea led  i n t o  t h e  
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t h e  sh i e ld ing  b ra id  was s t r ipped  back s ince  a t r i a l  ind ica ted  tha t  moisture 

would f i n d  i t s  way along t h e  unimpregnated b ra id  a s  was expected. 

16 minutes immersion i n  w a t e r  ( a f t e r  t he  o ther  cyc l ing  s t eps )  one value of 
12 leakage r e s i s t a n c e  dropped t o  10 megohms but  t h e  o thers  ranged from 6 x 10 

t o  1.6 x ohms. V i s u a l  examination revealed t h a t  t h e  H-film wrap i n  t h e  

one case  had tended t o  unwrap j u s t  s l i g h t l y  but apparent ly  enough t o  permit 

water pene t ra t ion .  

Af te r  

The t e s t  on the  cryogenic connectors a r e  being continued f o r  longer 

per iods of moisture immersion and a new specimen w i t h  Teflon wire  sea led  

wi th  RTV w i l l  a l s o  be evaluated. 

The water  immersion t e s t  on the modified Pyle-National connector descr ibed 

i n  t h e  previous qua r t e r ly  r epor t  has been continued and measurements made a f t e r  

2 4  and 6 4  days immersion. The wires were measured i n  groups of 6 o r  7 

connected toge ther .  

t h e  low value w a s  found and measured separa te ly .  

values  of leakage r e s i s t a n c e  f o r  the "good" wire  groups i s  shown below: 

When a low value w a s  discovered t h e  ind iv idua l  wire  wi th  

The range of measured 

Time of Immersion Range of Leakage r e s i s t a n c e  - ohms 
1 3  

12  

1 3  

30 hours 

2 4  days 

5 x 1oI2 t o  3 x 10 

5 x 1oI2 t o  2 x 10 

8 x 10" t o  5 x 10 

6 4  days 

It i s  apparent t h a t  leakage r e s i s t ance  does not  decrease s i g n i f i c a n t l y  with 

increas ing  time of immersion. The "poor" wires  a l l  had values  ranging from 

10 t o  10 

below. 

6 8 ohms but cur ious ly  t h e  same wires  were not  always ''poor'' as shown 

T ime of Immer s ion  Designation No. of t h e  "poor" wire  

30 hours 4/37, 41, 44, 4 7 ,  4 9  and 55 

2 4  days 4/17, 37 and 39 

gr: I . lZX7.G J -  4/17, 3 7 ,  4 8  and 52  

Why some of t h e  wires  "recovered" i s  unexplanable. 

t ha t  even t h e  "poor" wires  maintain r e l a t i v e l y  high values  of leakage 

r e s i s t a n c e  which would not  adversely a f f e c t  t h e  performance of much e l e c t r o n i c  

equipment. 

It should be recognized 
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Contact Resistance 

I n  the  l a s t  quar te r ly  r epor t ,  var ia t ions  were reported i n  t h e  contact  

r e s i s t a n c e  i n  l iqu id  ni t rogen fo r  the Pyle-National connector. 

remove any influence of the  connector i t s e l f ,  24 p a i r s  of leads containing 

the  male and female f i t t i n g s  were assembled outs ide  of a connector. 

quickly observed t h a t  t h e  pressure t o  obta in  a f i rm f i t  i n  t h e  connection varied 

qu i t e  not iceably and a few of t he  connections were obviously loose even a f t e r  

t he  bes t  f i t  had been made. The d i s t r i b u t i o n  of t h e  r e s i s t a n c e  values 

f o r  t h e  leads a t  23C i s  p l o t t e d  i n  Figure 8. These r e s u l t s  can be compared 

with Figure 3 of the last  quar te r ly  repor t  (Page 14).  A comparison i s  a l s o  

shown below taken from the  two charts .  

I n  order t o  

It was 

Resistance-Ohms a t  23C % Change 

1 0% 50% (PA) 90% 90% - 10% - - 
Wires (spearate) .02443 .0247 .0252 1.1 2 .o 
Wires i n  connector .02345 .02345 ,0245 3 .O 4.5 

Apparently, as  might be expected the v a r i a t i o n  i n  r e s i s t a n c e  i s  less i n  the  

connections separa te  from t h e  connector where b e t t e r  contact  could be assured. 

By comparing t h e  probabi l i ty  p l o t s  it i s  apparent t h a t  skew is  present i n  

both r e s u l t s .  

When the  leads were immersed i n  l i qu id  ni t rogen it w a s  discovered 

quickly t h a t  the  measured value depended l a rge ly  upon the  amount of lead 

immersed i n  t h e  l i q u i d  nitrogen. 

have been measured with t h e  leads t o t a l l y  immersed. Unfortunately, t h i s  

source of e r ro r  had not been discovered when the  measurements reported i n  

t h e  q u a r t e r l y  repor t  were made so a comparison cannot be made. 

can be made wi th  t h e  room temperature values as given below. 

I n  consequence a l l  of t h e  reported values 

A comparison 
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Resistance-Ohms % Change 

90% 90% - 10% - - 5 0% - 10% - 
Wires (separate)  a t  23C "02443 .0247 0252 1.1 2 .o 
Wires separa te  a t  -196C .00338 .00362 .0052 0.7 43.7 

It becomes very c l e a r  from these r e s u l t s  t h a t  contact  r e s i s t a n c e  i s  the  cause 

fo r  t he  skew i n  the  r e s u l t s  so  t h a t  about 30% of the  measured values a r e  

higher than would be expected on the basis of t he  r e s i s t a n c e  i n  t h e  wire  and 

the  soldered j o i n t s .  A t  low temperatures t h e  r e s i s t a n c e  of t h e  wire  i s  low 

so t h a t  t he  e f f e c t  of contact  res i s tance  becomes very apparent. It i s  poss ib le  

t o  make s t i l l  f u r t h e r  comparison by examining t h e  values fo r  a group of four 

wires with the  highest  r e s i s t a n c e  at 23C and a group with the  highest  

r e s i s t a n c e  a t  -196C. 
Res i s  t anc e -Ohms 

4 Wires with 
a t  23C 

4 - 3 - 2 - 1 - 
a t  -196C 

3 2 4 - - - 1 - 

Highest Values .0251 .0251 .0255 .0268 ,0037 .0045 .0037 .0039 
a t  23C ($115) ($112) ($17) ($116) ($115) (j112) ($17) ($116) 

Highest Values .0251 .0245 .0246 .02475 .0045 .0050 .0055 .0175 
a t  -196C ($112) ($110) ($113) ( # 5 )  ($112) ($110) ( 1 1 3 )  ($15) 

For a l l  w i r e s  

50% value 

70% value 

,02475 

.02491 

.0036 

,0037 

It becomes apparent t ha t  of t he  four wires with the  highest  value a t  23C, 
only one ($112) i s  a l s o  in  t h e  high group a t  -196C. However, a l l  of the  

four wires  wi th  t h e  highest  values a t  23C do l i e  a t  o r  about t he  70% value 

i n  l i q u i d  ni t rogen ( - 1 9 6 C ) .  I n  con t r a s t ,  a l l  but one of t h e  wires with the  

h ighes t  values a t  -196C have values of r e s i s t a n c e  a t  23C a t  o r  below the  

50% value.  
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From these  da ta  th ree  observations can be made: 

1. High values of res i s tance  a t  room temperatures can 

be a t t r i b u t e d  t o  high contact r e s i s t a n c e .  

2 .  High contact  res i s tance  detected a t  low temperatures 

may not be not iceable  a t  room temperature s ince  i n  some 

cases it can be "hidden" by the  r e s i s t a n c e  of t h e  conductor. 

3. However, the  contact r e s i s t a n c e  a t  low temperatures 

may be higher than it i s  a t  room temperature ( i . e . ,  wire #5) . 
By accident t h e  connection i n  wire  415 was stepped on. 

r e s i s t a n c e  i n  l i qu id  ni t rogen decreased from t h e  o r ig ina l  value of .0175 ohms 

t o  .0035 ohms. Three o t h e r  connections with high r e s i s t a n c e  were then broken 

and remated severa l  times i n  an e f f o r t  t o  decrease the  contact  r e s i s t a n c e  

with resu l t s  described below: 

I n  measurement t h e  

Res is tance a t  - 1 96°C-0hms 

Specimen 812 # l o  #13 41 5 

Original  value .0045 .0050 .0055 .0175 

Value a f t e r  "reworking" .0038 .0035 .0048 .0035 

These values a f t e r  "reworking" a r e  p lo t ted  with the  designation X i n  Figure 9. 

Apparently only specimen 4\13 has re ta ined a high value of contact  res i s tance .  

A l l  but one of t he  male pins i n  the  connections were found t o  have a 

diameter a t  23C of .0405 i.0002 in .  The exception measured .0412 in.  

Compress ion Studies i n  Liquid Nitrogen 

Since polyphenylene oxide and RTV s i l i c o n e  rubber were chosen as  the  

m a t e r i a l s  t o  be used i n  the  cryogenic connectors,  it w a s  recognized t h a t  some 
..- i ~ ~ f ~ r n , c i t i c ~ n  a b w t  mechm',cal perfom.ince a t  cryogenic temperatures might be 

usefu l .  The 

r e s u l t s  a r e  described i n  t h e  l a s t  quarter ly  repor t .  During the l a s t  quarter  

With t h i s  ob jec t ive  i n  mind thermal expansion t e s t s  were made. 
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semi-quant i ta t ive t e s t s  have been made on compression c h a r a c t e r i s t i c s  i n  

l i qu id  ni t rogen.  

rubbers a f t e r  it w a s  discovered t h a t  PPO d i d  not crack even i n  2 inch 

sect ions when immersed i n  l i qu id  nitrogen. Moreover, a t  l i q u i d  ni t rogen 

temperature PPO was not damaged by impact from hammer blows and i n  f a c t  

appeared t o  be almost i ndes t ruc t ib l e ,  

hand i n  very th i ck  sec t ions  sometimes did crack upon being immersed quickly 

i n  l i qu id  notrogen. 

by hammer blows while i n  l i qu id  nitrogen. Consequently, emphasis was 

placed on the  l ikel ihood of mechanical f a i l u r e  of s i l i c o n e  rubber which 

had been placed i n  compression a t  room temperature before being exposed 

t o  cryogenic temperatures. Quant i ta t ively crude but very e f f e c t i v e  t e s t s  

were made by compressing 1 inch long by t inch diameter pieces of RTV s i l i c o n e  

rubber between the  anvi l s  of a C-clamp u n t i l  t h e  length w a s  reduced t o  0.55 inches.  

Greater compression would o f t e n  r e s u l t  i n  f r a c t u r e  a t  room temperature. 

The compressed rubber i n  the  C-clamp w a s  then thrown i n t o  l i qu id  ni t rogen.  

coming t o  l iqu id  ni t rogen temperature the  rubber s l ipped out of the jaws of 

t he  C-clamp d e s p i t e  t h e  very considerable compression a t  room temperature. 

The compressive s t r a i n  "froze in" the rubber and addi t iona l  thermal cont rac t ion  

more than accounted f o r  t h e  thermal cont rac t ion  of t he  s t e e l  C-clamp. When 

t h e  compressed rubber was removed from t h e  l i qu id  n i t rogen ,  the outs ide 

sur faces  expanded rap id ly  while t h e  ins ide  was s t i l l  cold producing v a r i a t i o n s  

of t he  curious shapes sketched i n  cross-sect ion below. 

Most of t h e  work has been l imi ted  t o  t h e  RTV s i l i c o n e  

S i l i c o n e  rubber and Teflon on the  other  

S i l icone  rubbers a r e  a l s o  r e l a t i v e l y  e a s i l y  sha t te red  

Upon 

Despi te  repeated t e s t s ,  f r ac tu re  was never obtained i n  t h e  s i l i c o n e  rubber 

during t h e s e  severe t e s t s .  It i s  recognized t h a t  even more s i g n i f i c a n t  t e s t s  

might be made by varying the  geometry of t h e  t e s t  specimen and by making 

specimens i n  which the  rubber was cast  around i n s e r t s  of PPO o r  metal. 
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Attempts t o  make reasonably quan t i t a t ive  compression t e s t s  led  t o  

i n t e r e s t i n g  r e s u l t s .  

(low thermal expansion s t e e l )  which could be used with the  t e s t  specimen 

immersed i n  l i q u i d  ni t rogen and t h e  movement followed by a d i a l  gage actuated 

by an Invar  rod. The device was very inexpensive and accu ra t e  enough f o r  t h e  

intended purpose. Maximum e r r o r  w a s  i n  t h e  order of .002 inches displacement 

when d i f f e r e n t i a l  expansion w a s  taken i n t o  account. Typical t e s t  r e s u l t s  a re  

described i n  Table 111. 

A simple s t a t i c  loading device was b u i l t  of Invar 

From Table 111 it i s  apparent t h a t  t h e  room temperature compressive 

c h a r a c t e r i s t i c s  of t h e  RTV s i l i c o n e  rubbers are q u i t e  s i m i l a r  but t h e  ground 

s i l i c a  g l a s s  loaded Adiprene rubber has l o s t  much of i t s  rubbery c h a r a c t e r i s t i c s .  

The Teflon as expected does no t  display a t r u e  elastomeric c h a r a c t e r i s t i c .  

I n  t h e  tes ts  described a t  t he  top of Table 111, the  loads were applied as 

r ap id ly  as poss ib l e ,  i n  about 15 seconds, u n t i l  t h e  maximum load w a s  reached. 

The 53 p s i  stress w a s  held and compression continued t o  t ake  p l ace  but i n  l a r g e  

measure w a s  completed i n  10 minutes. This compression se t  i s  small and 

t h e  d i f f e rences  between t h e  RTV s i l i c o n e  rubbers i s  probably not  s i g n i f i c a n t .  

It i s  i n t e r e s t i n g  t h a t  t h e  thermal shrinkage of t h e  compressed 

specimens following immersion i n  l i qu id  ni t rogen i s  very much l i k e  that  of 

t h e  unstressed specimens measured i n  t h e  dilatometer as described i n  t h e  

14th q u a r t e r l y  r epor t .  

bottom of Table 111 f o r  comparison purposes. A t  n i t rogen  temperatures t h e  

load can be removed from t h e  compressed specimens wi th  s o  l i t t l e  recovery i n  

length t h a t  i t  i s  wi th in  t h e  e r r o r  of t h e  measuring equipment. Similar  r e s u l t s  

were obtained when t h e  load was reapplied.  The la t te r  r e s u l t s  are not  reported 

because t h e  e r r o r  hides  any s i g n i f i c a n t  d i f f e rences .  It i s  apparent t h a t  

even t h e  s i l i c o n e  rubbers have a high e l a s t i c  modulus a t  l i q u i d  n i t rogen  

temperature and a high degree of s t r a i n  developed a t  room temperature w i l l  

remain "frozen in" a t  very low temperatures. It would be most i n t e r e s t i n g  

t o  de t e r inhe  the point at wkieh the "frozen in" strains w ~ u l d  r e l e i s e  2s 

temperature i s  increased. The ra te  of r e l e a s e  would a l s o  prove t o  be very 

i n t e r  es t ing  . 

These da t a  from t h e  t e s t  r e p o r t  are  repeated a t  t h e  
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Load 
- P S I  RTV5 11 

13 5.25 

27  10.0 

40 14.15 

53 17.95 

10 min . .a t  53 18.55 

(Amount of s e t )  0.6 

TABLE 111 

DIMENSIONAL CHANGE* 

COMPRESSION UNDER STATIC LOAD 

0 % Compression a t  23 C 

Adiprene TFE 
R T V l l  RTV5 7 7 RTV560 4 4 7 %  S i l i c a  Teflon 

4.2 3 . 7  3.7 0 0 .1  

7 . 8  7 . 2  7 .0  0 0.2 

11.25 10.55 10.15 0.2 0.35 

14.4 13.65 12.75 0 .3  0.55 

14.7 14.3 13.0 0.4 0.65 

0 .3  0.65 0.25 0 . 1  0 . 1  

% Shrinkage from 23OC t o  -196OC of Loaded Specimens 

53 3.3 3.3 2.2 2 . 9  1.0 3.0 

% Recovery i n  Length a t  -196OC with Removal of Load 

0 0 . 1  0.15 0.25 0.25 0 0.2 

0 % Permanent Set  a f t e r  Return to 23 C - No Load 

0 0.1 0 . 1  0.25 0 0 0.25 

0 0 
% Expansion from -196 C t o  23 C of Unloaded Specimens 
(For comparison - From 14th Quar t e r ly  Report) 

I ----- ~ ---_--------_____ 

0 2 . 8  3 . 1  2.4 3 .0  1 . 2  2 . 2  

*A measurement e r r o r  of 0.25% i s  the maximum expected. 
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Removal of ML and H-film Coatings 

After  many f u t i l e  attempts a successful  technique f o r  removing 

ML enamel and H-film tapes from round wire  and f l a t  ribbon cab le  has been 

developed. 

Inc . ,  Minneapolis 2 4 ,  Minn.) which produces a t i n y  butane-oxygen flame. 

t i n y ,  very hot  flame i s  c a r e f u l l y  applied s o  as t o  char t h e  ML o r  H-film 

i n s u l a t i o n  without melting t h e  copper. 

t h e  copper by applying t h e  flame f i r s t  t o  an  area back from the  c u t  end as 

shown i n  Figure 4 .  

I n  t h e  photo t h e  flame i s  being applied t o  FEP bonded H-film ribbon cab le .  

With ribbon cab le  it i s  possible  t o  pick up t h e  edge of t h e  charred H-film 

with t h e  f i n g e r n a i l  and s t r i p  it back. 

copper conductors and on t h e  copper gage sh ie ld .  However, t h e  FEP need 

not  be removed s i n c e  it  acts as a f lux  i n  t i n n i n g  t h e  copper e i t h e r  with a 

so lde r ing  i r o n  o r  when dipped i n  a solder po t .  

length of i n s u l a t i o n  t o  be removed must be charred.  

heat ing t h e  c u t  end of t h e  w i r e  s ince  oxidat ion of t he  copper w i l l  occur. 

Instead a small length of uncharred wire  a t  t h e  end may simply 

This technique makes use of a small  hand held to rch  (Microfilm, 

The 

It i s  poss ib l e  t o  avoid oxidizing 

The charred H-film appears t o  prevent copper oxidat ion.  

A t h i n  f i l m  of FEP remains on the 

With round wires ,  t he  whole 

It i s  important t o  avoid 

be c u t  o f f .  

The charred residue of H-film on ML enamel on round w i r e  i s  bes t  

removed wi th  l i g h t  sandblast ing.  

i s  e a s i l y  adapted f o r  t h i s  purpose. However, t h e  char may be removed with 

c a r e  by using abrasives  and other  mechanical means. 

A simple inexpensive spark plug c l eane r  

The small butane-oxygen torch i s  adaptable f o r  f i e l d  use but can 

of course be used i n  mechanized operations a l so .  

PROGRAM'FOR THE MONTH OF APRIL AND THE SIXTEENTH QUARTER 

During Apr i l  t h e  design of a cryogenic connector f o r  t h e  f l a t  r ibbon 

cab le  w i l l  be completed. A prototype w i l l  be b u i l t  i n  t h e  laboratory and 

evaluated following a canbination of cryogenic shock and water immersion. I f  

t i m e  permits s eve ra l  prototypes w i l l  be obtained from Modular Electronics  Inc. 

and evaluated f o r  as long as possible.  
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The tes ts  on t h e  modified Pyle-National connector w i l l  be discontinued. 

However, add i t iona l  cryogenic shock and moisture tes ts  w i l l  be conducted wi th  

t h e  connectors f o r  round wires received from Modular Electronics .  

prototype of a connector f o r  round w i r e  w i l l  be constructed using t h e  rod and 

p l a t e  approach. 

t h e  new design t o  evaluate  i t s  s u i t a b i l i t y  i n  combination with RTV s i l i c o n e  

rubber. With t h e  use of SP polyimide polymer t h e  connector a l s o  becomes 

s u i t a b l e  f o r  use a t  high temperatures. 

l imited by t h e  c h a r a c t e r i s t i c s  of the s i l i c o n e  rubber. 

A laboratory 

It i s  hoped t h a t  SP polymer can be s u b s t i t u t e d  f o r  PPO i n  

The maximum use temperature w i l l  be 

To t h e  extent  t h a t  time permits, add i t iona l  compression s tud ie s  a t  

cryogenic temperature of s i l i c o n e  rubber molded about a PPO o r  SP i n s e r t  

w i l l  be s tudied.  
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Photo. 4 .  Microflame t o r c h  being used t o  remove H-film from sh ie lded  rubber cab le .  
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